Phytochemical studies of two Australian Anigozanthos (kangaroo paw) species, A. rufus and A. pulcherrimus, resulted in the identification of 13 secondary metabolites. 2-Amino-6-O-p-coumarylheptanedioic acid (3) and chalcone-5′-O-(4-O-p-coumaryl)-O-β-D-glucopyranoside (12) are reported as new compounds and are accompanied by nine flavonoids (2, 5−11,13) and two anthocyanins (1, 4). Compounds 1 and 4 were isolated as red solids from A. rufus and are likely responsible for the coloration of the flowers. Compounds 1, 3, and 6 showed weak antimicrobial activities against Acinetobacter baumannii ATCC 19606 at concentrations of 52.4, 94.9, and 53.9 μM, respectively.
the Northern Territory, Australia. 5, 6 This characteristic class of secondary metabolites occurs in plant families such as Haemodoraceae, Ponederaiaceae, Strelitziaceae, and Musaceae 7 , e.g. six phenylphenalenones were isolated from Haemodorum simplex (Haemodoraceae) and found to possess moderate cytotoxicity against the P388 murine leukemia cell line with an IC 50 value of >26-39 µM. 8 In a separate study, Hidalgo et al reported the biosynthesis of phenylphenalenone from in vitro root cultures of A. preissii and isolated four phenylpropanoids, including 4'-methoxyanigorufone. 7 Similar compounds were isolated from the flowers of the black kangaroo paw (Macropidia fuliginosa) and showed low antibacterial activity against Staphylococcus aureus ATCC 25923. 7 Interestingly, despite the similar name, the black kangaroo paw belongs to a different genus to the rest of the kangaroo paw species.
We have an ongoing interest in colours from Nature, concentrating particularly on flowers that are endemic to Australia, 9 as well as any relationship between the isolated compounds and Indigenous uses.
Although the aforementioned studies investigated the roots of Anigozanthos sp and its family, the flowers from these species have not yet undergone phytochemical investigation. Here, we report the extraction, isolation, and identification of compounds from the flowers of the red (A. rufus) and yellow (A.
pulcherrimus) kangaroo paw, and document the compounds responsible for the intense colouration present in the flowers. Further, we extrapolate correlations between the biological activities of some of the isolated compounds to known traditional medicinal uses within the Haemodoraceae family.
RESULTS AND DISCUSSION
Separate MeOH extractions of the flowers of A. rufus and A. pulcherrimus were concentrated and sequentially solvent-partitioned into n-hexane:MeOH resulting in polar and non-polar fractions. The chemical constituents from the non-polar fraction were analysed using GC-EIMS ( Figure S42 , Supporting Information). The polar fractions from both species were subjected to analytical RP-HPLC followed by semi-prep RP-HPLC, which resulted in the isolation of 13 compounds (Figure 1 ), 11 of which were known. The structures were elucidated through extensive NMR analyses and by literature comparisons.
The known compounds were identified as cyanidin-3-rutinoside (1), 10 quercetin-3-rutinoside (2),
luteolin-7-O-β-D-glucopyranoside (11), 16 and dihydroquercetin (13 rufus and compound 13 was isolated from A. pulcherrimus. (C-3') indicated the presence of a pair of (E)-olefinic protons with a coupling constant of 15.9 Hz. From the analysis of gHMBC data, a doublet at δ H 7.48 (H-2''/6'') showed both a long-range correlation with the oxygenated aromatic carbon resonance at δ C 161.4 (C-4''), and a correlated with the resonance at δ C 145.6
which was assigned to the (E)-olefinic C-3' (Figure 2 ). 
The HPLC chromatogram profile of flowers from both species showed the presence of similar compounds (2, 3, 5 -12). Compound 2 (t R = 10.07 min) was found be the major constituent from the polar extract of both flowers followed by compound 8 (t R = 13.00 min). Furthermore, compound 2 was also found in the flowers of the black kangaroo paw (M. fuliginosa). Plants from the family of Haemodoraceae, which are found predominantly in Australia, have been reportedly used by the Indigenous people for several purposes. Extracts of the bulbs from the genus Haemodorum have been used as purgative, ointment for snake bites, and as colouring agents. 8 Recent studies reported that the MeOH and CH 2 Cl 2 extracts from flowers of black kangaroo paw (M. fuliginosa)
showed potential as antimicrobial agents against Pseudomonas aeruginosa and Streptococcus pyogenes. 18 Despite the lack of reports regarding medicinal usage from the genus of Anigozanthos, especially from the flowers, it was found that the isolated compounds from both species possess various biological activities from previous studies. Flavonoid compounds were the major compounds isolated from both flowers and these are well-known to possess antimicrobial activities. Quercetin and quercetin with glycosides (2, 9, and 10) have been reported to exhibit antioxidative, anticarcinogenic, anti-inflammatory, and vasodilating effects. 20 Many studies report the benefit of kaempferol and its glucoside to reduce the risk of chronic disease.
Kaempferols (5 -8) have the ability to modulate a number of key elements in cellular signal transduction pathways linked to apoptosis, angiogenesis, inflammation, and metastasis. 21 Additionally, taxifolin (13) is believed to have therapeutic promise treating cancer, cardiovascular, and liver disease 22 -this study is the first to report its isolation from the Aningozanthos genus.
In summary, phytochemical studies led to the successful isolation of the major constituents from the flowers of two species from the Aningozanthos genus. Anthocyanins 1 and 4 from A. rufus flowers are reported for the first time, and additionally, the new compounds 3 and 12 were isolated and identified.
Antimicrobial assay of the isolated compounds indicated they were inactive against the tested microorganisms.
EXPERIMENTAL SECTION
General Experimental Procedures. Optical rotations were measured on a Jasco P-2000 polarimeter.
UV-visible spectra of samples diluted in MeOH were obtained using a Shimadzu UV-VIS (5.5 mg, t R = 12.09 min), 6 (10 mg, t R = 12.28 min), 7 (12 mg, t R = 12.54 min), 8 (14 mg, t R = 13.00 min), 9 (8.5 mg, t R = 13.59 min), 10 (11 mg, t R = 14.47 min), 11 (8.0 mg, t R = 14.47 min), and 12 (6.5 mg, t R = 16.99 min). In an identical HPLC procedure, the MeOH fraction from A. pulcherrimus (400 mg) resulted in the isolation of compounds 2 (83 mg), 3 (12.5 mg), 5 (6.2 mg), 6 (8.3 mg), 7 (10.3 mg), 8 (11.5 mg), 9 (7.2 mg), 10 (10.4 mg), 11 (7.8 mg), 12 (7.5 mg), and 13 (4.0 mg, t R = 14.47 min). All the isolates were freeze-dried producing solid compounds for spectroscopic analysis. , methanol-d 4 ) data, see Table 1 ; HRESIMS m/z 338.1240 (calcd for C 16 H 20 NO 7,  338.1240). 
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Cyanidin-3-O-(6-O-p-coumaryl)-O-β-D-glucopyranoside (4)
Kaempferol-3-O-(6-O-p-coumaryl)-O-β-D-glucopyranoside (8).
A UV active yellow solid. LREIMS m/z:
+ . All NMR data were identical to reported data. 14 o C 6 h. The solution was neutralized by the dropwise addition of NaOH (5%) with pH monitoring using universal indicator paper. This aqueous mixture was partitioned with EtOAc (2 x 2.5 mL), and the aqueous fraction evaporated under reduced pressure. 24 The residue was subjected to RP HPLC using a Carbohydrates ES column with Evaporative Light Scattering Detection (ELSD) and an 
Quercetin-3-O-(6-O-p-coumaryl)-O-β-D-glucopyranoside (9)
